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PLANAR 1/8 SPLllTER IN GLASS BY 
PHOTORESIST MASKED SILVER FILM ION 
EXCHANGE 
Indexing t e r m :  lntegrated optics, Optical waveguides 
Fabrication of singlemode glass waveguide devices by silver 
film ion exchange with standard photoresist as a mask for 
the ion exchange is proposed. The process uses the advan- 
tages of the silver film ion exchange and the simple and 
accurate patterning when photoresist is used directly as a 
mask. As a component example, a singlemode 118 power 
splitter is fabricated and measured. 
Introduction: Singlemode optical fibres are being used increas- 
ingly in telecommunication and CATV subscriber networks, 
which increases the need for low-cost and high-performance 
passive optical components such as branching devices. Planar 
glass waveguide components made by ion exchange tech- 
niques have a strong potential to meet the requirements of 
these networks. Several variations of the ion exchange process 
can be used for fabrication of singlemode glass waveguides." 
In most of these processes molten salts are used as ion 
sources. For silver ion exchange a silver thin film can be used 
as the source for silver ions? The silver film ion exchange has 
some distinct advantages compared to conventional ion 
exchange processes, e.g. 
(1) %he silver ions penetrate into the glass only by the electric- 
field assisted migration and no appreciable purely thermal 
diffusion from the film into glass  occur^;^.^ this makes it easy 
to control the total amount of silver ions in the glass by the 
used electrical current 
(2) the silver film ion exchange can be accomplished at a 
rather low temperature and it is a totally dry process, and 
unlike with molten salt processes no  special sample holders 
are needed during the electric field assisted ion exchange; this 
makes the process well suited to high-volume mass pro- 
duction 
(3) with silver film as the ion source in channel waveguide 
fabrication the choice of masking material is much more flex- 
ible than with molten salts. 
We propose the fabrication of singlemode glass waveguides by 
silver film ion exchange with standard photoresist as a mask 
for the ion exchange. Standard photoresist can be used in the 
masking process by performing the silver film ion exchange a t  
quite a low temperature. The process is shown schematically 
in Fig. 1. The use of photoresist directly as a mask for the ion 
exchange makes the channel waveguide patterning as simple 
and accurate as possible, which is of crucial importance in 
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Fig. 1 Schematic diagram of photoresist masked silverfilm ion exchange 
passive integrated optics. In addition, the photoresist is an 
insulating dielectric mask, which in silver ion exchange 
decreases the formation of loss-producing silver colloid in the 
glass.' As an example of the proposed process we demonstrate 
the fabrication of a singlemode 1/8 power splitter. 
Design andfabricat ion:  In the design of the splitter mask and 
the fabrication process, we used our earlier experience on  
silver ion exchange with Corning 0211 glass as a substrate 
glass.' The mask design of the 1/8 splitter is shown schemati- 
cally in Fig. 2. The total length of the device is 18mm, with 
150pm separation between the output waveguides. The Y 
branches are formed by S bends with constant radius of cur- 
vature. The widths of the mask openings are 4pm. 
R :30mm 
Fig. 2 Mask design of 118 splitter 
The fabrication was started by spin coating 0.5mm thick 
Corning 0211 glass substrates by approximately l p m  thick 
layers of Shipley AZ1470 photoresist. The photoresist was 
patterned normally except that a rather long postbake (12 h at 
140°C) of the developed resist was performed. This ensured a 
stable performance under the silver film during the ion 
exchange. The electric field assisted ion exchange was per- 
formed at 140°C with a voltage of 50V. We used 500nm thick 
silver films both as anode and cathode, which were deposited 
by DC sputtering. The duration of the field-assisted process 
was 20 h. T o  diffuse the silver ions deeper to obtain waveguide 
profiles with better match to optical fibres, we performed an 
additional 15min purely thermal postbake at 343°C after 
removal of all films. 
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Fig. 3 Mode profile of fabricated channel waveguide 
Contours are for normalised intensities 0.3,0.5,0.7 and 0.9 
Measurements: For the device characterisation a singlemode 
fibre was used to launch light a t  1.3pm wavelength from an 
LED into the input waveguide. The output facet was viewed 
with a microscope objective and an infrared video camera, 
which was connected to a computer having a video digitiser 
board. In Fig. 3 there is a measured mode linearity intensity 
distribution of one of the channel waveguides in the chip. 
With this mode profile the mode mismatch loss with the stan- 
dard singlemode fibre used in the measurements is less than 
1 dB. The nearfield photograph of the output waveguides of 
the 1/8 splitter is shown in Fig. 4. 
The fibre-device insertion loss was measured by collecting 
the light from the output ports with the microscope objective 
to a photodetector. The measured insertion loss (including the 
input fibre-chip coupling) for each output port is shown in 
Fig. 56. The mean insertion loss of the device is 14dB with a 
standard deviation of 0 4 d B  and maximum deviation of 
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1.5 dB. From a straight waveguide in the same chip the wave- 
guide loss of 1.6dB/cm and the fibre-chip coupling loss of 
0.8 dB were measured. The portions of the waveguide loss and 
Fig. 4 Nearfield photograph of output waveguides o f l / 8  splitter 
the coupling loss were obtained by collecting light from the 
output waveguide both by a singlemode fibre and a micro- 
scope objective. The excess loss of the microscope objective 
was measured separately and it is excluded from the result. 
From the results above it is deduced that the facet-to-facet 
excess loss in the l j8 splitter is 4.ldB, of which about 2.9dB 
is waveguide loss and 1.2dB is due to the bends and y 
branches. 
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Fig. 5 Measuredfihre-chip insertion loss of splitter 
Conclusion: We have demonstrated the fabrication of a single- 
mode 1/8 splitting device by a simple photoresist masked low- 
temperature silver film ion exchange followed by a thermal 
postbake at higher temperature. Although the low- 
temperature process step is rather long, the productivity of the 
process is not limited, because several substrates can be easily 
processed at the same time. The two steps of the process can 
be combined to a one-step p r o c e ~ s , ~  if high-temperature pho- 
toresists allowing higher temperatures in the field-assisted step 
are used. 
The results of the splitting device are very encouraging, 
although a standard multipurpose substrate glass was used. 
With substrate glasses specially developed for silver ion 
exchange,’ the waveguide properties can be further improved. 
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BALANCED DIRECTIONAL LOOP RECEIVING 
ANTENNA 
Indexing tmms: Antennas, Loop antennas 
Directional loop antennas have been used for some time for 
HF reception purposes. However, for stable performance 
they rely on a good ground connection. A modified form of 
such an antenna is described which has a balanced f e d  
arrangement and thus does not suffer from the problems 
associated with the requirement for a solid ground connec- 
tion. 
Introduction: An antenna with a cardioid radiation pattern 
can be produced by taking an electrically smaller circular loop 
and introducing an imbalancing resistance in the top of the 
loop,’ as shown in Fig. 1. This is the basis of a commercially 
produced antenna for HF reception purposes which includes a 
low noise amplifier mounted at the base of the loop. The 
antenna, being electrically small, has a very low radiation efli- 
ciency, but this is of little concern in HF reception applica- 
tions, because the system is usually limited by external noise. 
D 
connection 
Fig. 1 HF actiue loop receiving antenna 
The antenna can be considered to behave as the combination 
of two closely-spaced monopoles, with an omnidirectional 
pattern in azimuth, and a loop antenna with a figure of eight 
(cos 0) pattern. Thus the overall pattern is of the form 
1 + K cos e 
D(0) = 
I f K  
where the factor K is dependent on the value of the imbalan- 
cing resistor R. If K < 1, the pattern resembles that of a 
monopole and if K B 1 the pattern resembles that of a loop. 
Typically, a value of R between l00R and 200R provides a 
value of K that is close to unity, giving a good approximation 
to a cardioid response. 
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